Despite of the widespread use of the Papanicolaou smear and HPV (human papollomavirus) vaccine, cervical cancer remains the most common cancer in women under 45 years of age in developing countries. Furthermore, almost half of all women with invasive cervical cancer are diagnosed at a late stage. Accordingly, there is an urgent need to identify an agent that can be used alone or in combination with a conventional anti-cancer drug like cisplatin, to improve the prognosis of this disease.
Apoptosis, a morphologically and biochemically defined form of cell death, plays a key role in the regulation of the growth of normal and neoplastic tissues.
2) Recent studies have amply documented that two major pathways are involved in the regulation of apoptosis. The extrinsic apoptotic pathway involves cell surface death receptors such as Fas/CD95 and tumor necrosis factor receptor 1, 2 (TNFR1, 2), which upon activation up-regulate downstream signaling cascade including the activation of caspase-8.
2) The intrinsic pathway is dependent on various cell stress stimuli leading to altered ratio of Bcl-2 family members affecting the release of cytochrome c and apoptotic protease activating factor-1 (Apaf-1) that leads to caspase-9 activation.
3) The active forms of caspase-8 and -9 may activate downstream effector caspases-3, -6, and -7, resulting in the cleavage of several intracellular polypeptides (e.g., PARP-1) as well as activation of DNase that leads to DNA fragmentation.
Endoplasmic reticulum (ER) is a central organelle engaged in lipid synthesis and protein folding and maturation. A variety of toxic insults, including failure of protein synthesis, folding, and degradation and Ca 2ϩ overload, can disturb the ER function and result in ER stress. 4, 5) Under normal conditions, the ER stress sensors (IRE1, PERK, and ATF6) reside with binding to glucose-regulated protein 78 (GRP78). When ER stress occurred, the sensors dissociate with GRP78 and transfer downstream signals to the cytoplasm. As a consequence, these compensatory responses contribute to the reduction of ER overload and functions to protect cells against ER stress. However, if the ER functions are severely affected, cells are removed by apoptosis. ER stress-mediated apoptosis is triggered by the activation of ER membrane resident caspase-12 and induction of growth arrest DNA damageinducible gene 153 (GADD153). 6, 7) Calpains (a family of Ca 2ϩ -dependent intracellular cysteine proteases) are also implicated in ER stress-induced apoptosis. There are ubiquitously expressed calpain I (m-calpain) and calpain II (m-calpain) proteases. A recent study has shown that ubiquitous calpains promote caspase-12 and c-Jun N-terminal kinase (JNK) activation during ER stress-induced apoptosis. 8) Numerous naturally occurring substances are recognized to be anti-oxidants, cancer preventive agents, or even antitumor agent such as paclitaxel. 9) Triterpenes are part of a family of naturally occurring compounds and present a wide spectrum of pharmacological activities, with one of the most elucidated effects being the anti-cancer activities via inducing apoptosis in numerous types of cancer cells. 10) Aceriphyllum rossii ENGLER (Saxifragaceae), an endemic species in Korea, is a perennial herb growing on damp rocks along valleys. The young leaflets and stems have been used for food. 11) We previously isolated new triterpene 3a,23-isopropylidenedioxyolean-12-en-27-oic acid (IPA) (Fig. 1A) from A. rossii and IPA exhibited considerable cytotoxicity against human leukemia K562 and HL-60 cells.
11) However, the anti-cancer effect of IPA and its underlying mechanism remain unknown. The present study sought: 1) to determine the anti-proliferative effect of IPA, 2) to elucidate the effect of IPA on apoptosis, 3) to investigate ER stress as a potential molecular target of IPA in HeLa cells. . Antibodies for caspase-9 and GRP78 were purchased from Cell Signaling Technology (Beverly, MA, U.S.A.). z-VAD-fmk and z-DEVDfmk were purchased from MP Biomedicals (Solon, OH, U.S.A). z-IETD-fmk and z-LEHD-fmk were obtained from Calbiochem (Darmstadt, Germany). Mitochondrial fraction kit was purchased from Active Motif (Carlsbad, CA, U.S.A.)
MATERIALS AND METHODS

Materials
Plant Material and Preparation of 3a,23-Isopropylidenedioxyolean-12-en-27-oic Acid 3a,23-Isopropylidenedioxyolean-12-en-27-oic Acid (IPA) was isolated from Aceriphyllum rossii ENGLER (Saxifragaceae) as previously described.
11) IPA isolation was checked by LC-MS and was Ͼ96% pure.
Cell Culture Three human cervical carcinoma cell lines (HeLa, Caski, and SiHa) were obtained from the Korean cell line bank (KCLB, Seoul, Korea) and cultured in RPMI 1640 supplemented with 10% heat-inactivated FBS, penicillin (100 units/ml) and streptomycin sulfate (100 mg/ml). Cells were cultured at 37°C in an atmosphere of 5% CO 2 in the presence or absence of IPA.
Quantification of Cytotoxicity MTT assay was used to determine IPA cytotoxicity. The MTT assay was performed using a modified method described by Kim et al. 12) Briefly, cells (5ϫ10 4 ) were seeded in each well containing 100 ml of the medium supplemented with 10% FBS in a 96-well plate. After 24 h, various concentrations of IPA were added. After 24 h, 50 ml of MTT (5 mg/ml stock solution, in phosphate buffered saline (PBS)) was added and the plates were incubated for an additional 4 h. The medium was discarded and the formazan blue, which was formed in the cells, was dissolved with 100 ml DMSO. The optical density was measured at 540 nm using microplate readers (Molecular Devices, CA, U.S.A.).
Quantification of Apoptosis by Flow Cytometry During apoptosis, exposure of phosphatidylserine on the exterior surface of the plasma membrane can be detected by the binding of fluoresceinated Annexin V (Annexin V-FITC). This assay is combined with analysis of the exclusion of the plasma membrane integrity probe PI. 13) After treatment of cells with IPA for indicated concentration, cells were harvested and washed twice with ice-cold PBS, and re-suspended in 100 ml of binding buffer (10 mM 4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid, N-(2-hydroxyethyl)-piperazine-NЈ-(2-ethanesulfonic acid) (HEPES)/NaOH, 140 mM NaCl, 2.5 mM CaCl 2 , pH 7.4) containing each 5 ml of FITC-conjugated Annexin V and PI (50 mg/ml). The mixture was incubated for 15 min at room temperature in dark place and followed by flow cytometric analysis (Beckman Coulter, CA, U.S.A.).
DAPI Staining DAPI, a DNA-binding fluorescent dye, was used to determine whether IPA induces apoptosis or not. After treatment with or without IPA (30 mM) for 24 h, the cells were washed three times with PBS, fixed in a 3.7% formaldehyde solution for 10 min, then stained with 500 ng/ ml DAPI for 10 min. Cells were observed under a fluorescence microscope (OLYMPUS, Essex, U.K.).
Preparation of Cytosolic and Mitochondrial Fractionations and Western Blot Analysis HeLa cells (1ϫ10 6 ) were collected by centrifugation at 200ϫg for 5 min at 4°C. The cells were washed twice with ice-cold PBS, pH 7.2, followed by centrifugation at 200ϫg for 5 min. Washed cell pellets were resuspended in ice-cold cell extraction buffer [50 mM HEPES (pH 7.0), 250 mM NaCl, 5 mM ethylenediaminetetraacetic acid (EDTA), 0.1% Nonidet P-40, 1 mM PMSF, 0.5 mM DTT, 5 mM sodium fluoride (NaF), and 0.5 mM sodium orthovanadate] containing 5 mg/ml each of leupeptin and aprotinin, and then incubated for 30 min on ice. Cell debris was removed by microcentrifugation, and supernatants were quickly frozen. The cytosolic and mitochondrial fractions were prepared using mitochondrial fraction kit, according to the manufacturer's instruction. Each fraction was then frozen in aliquots at Ϫ70°C until required. The protein concentration was determined using the Bradford protein assay reagent according to the manufacturer's instructions (Bio-Rad Laboratories, CA, U.S.A.). Cellular protein (20-60 mg) from treated and untreated cell extracts were blotted onto a polyvinylidene fluoride (PVDF) membrane following separation on 8-12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The immunoblot was incubated for 1 h with blocking solution [5% skim milk in Tris-buffered saline containing 0.1% Tween-20 (TBS-T)] at room temperature, and then incubated with antibodies against Bax, Bcl-2, caspase-3, -8, -9, and -12, cytochrome c, GRP78, GADD153, PARP-1, VDAC-1, a-tubulin, b-actin, and m-calpain (1 : 1000) in blocking solution overnight at 4°C. Primary antibody was removed by washing the membranes three times in TBS-T, and incubated for 2 h with horseradish peroxidaseconjugated secondary antibody (1 : 2000-1 : 5000). Following three times of washing in TBS-T, immuno-positive bands were visualized by ECL and exposed to X-ray film (GE Healthcare Life Science, NJ, U.S.A.).
Determination of Caspase Activity The enzymatic activity of the caspases induced by IPA was assayed using a colorimetric assay kit (Calbiochem, Darmstadt, Germany) according to the manufacturer's protocol. Briefly, the cells were harvested and lysed in a lysis buffer for 5 min on an ice bath. The lysate was centrifuged at 10000ϫg for 10 min, and 10 mg of the protein was incubated with 80 ml of an assay buffer and 10 ml of the substrate, respectively, at 37°C for 2 h. The optical density of the reaction mixture was quantified spectrophotometrically at a wavelength of 405 nm.
Determination of the Mitochondrial Membrane Potential (DY m ) Changes in DY m were monitored by flow cytometry. Cells were incubated with 50 nM DiOC 6 for 30 min, washed twice with PBS, and analyzed by flow cytometric analysis with excitation and emission settings of 488 and 560 nm, respectively. To ensure that DiOC 6 uptake was specific for mitochondrial membrane, we also treated cells with 100 mM CCCP as a positive control.
Measurement of Calcium Concentration Free cytosolic calcium was measured using Ca 2ϩ -indicator dye Fluo-3/ AM (cell membrane permeable fluorescent dye). After exposure to 30 mM of IPA for various times, cells were harvested and washed twice with HBSS (130 mM NaCl, 2.5 mM KCl, 1.2 mM MgCl 2 , 10 mM HEPES, 10 mM glucose, 2 mM CaCl 2 , pH 7.4). Cells were re-suspended, then incubated with the Fluo-3/AM (3 mM) for 30 min. The free cytosolic Ca 2ϩ levels, seen as a fluorescent signal, were then assessed by flow cytometry with FL1 channel.
Statistical Analysis Data presented the meansϮS.D. of three independent determinations. All experiments were done at least three times, with three or more independent observations each time. Statistical analysis was performed using Student's t-test.
RESULTS
IPA Induced Apoptosis in HeLa Cells
To investigate the potential cytotoxicity of IPA, the comparative cytotoxic effects of IPA (structure shown in Fig. 1A) were evaluated in three different human cervical cancer cell lines (HeLa, Caski, and SiHa) by MTT assay (Table 1) . IPA showed cytotoxicity with an IC 50 range of 22-46 mM in human cervical cells. Further experiments were performed using HeLa cells to evaluate theapoptotic activity of IPA and to identify its underlying molecular mechanism. In the early phases of apoptosis, phosphatidylserine (PS) is externalized to the outer layer of the membrane, which is considered as an early marker of apoptosis. 13) We performed flow cytometric analyses of the binding of fluorescence-labeled Annexin V to externalized PS to quantify early apoptotic cells, and measured PI uptake to assess cells in the late stages of apoptosis or cells that sustained direct plasma membrane damage. As shown in Fig. 1B , stained cell populations were defined as follows: LR (lower-right), cells undergoing early apoptosis (Annexin Vϩ, PIϪ); and UR (upper-right), late apoptotic or necrotic cells (Annexin Vϩ, PIϩ). IPA dose dependently increased the number of early apoptotic cells (LR) compared with control. In addition, IPA-induced apoptosis was also confirmed by DAPI staining (Fig. 1C) . IPA was found to significantly increase the formation of chromatin condensation and DNA fragmentation, suggesting the apoptotic activity of IPA in HeLa cells.
IPA-Induced Apoptosis Required Caspases Activities in HeLa Cells A molecular hallmark of apoptosis is the activation of caspases, which are cysteine proteases that execute cell death through proteolytic cleavage during apoptosis 3) As shown in Fig. 2A , the cleavages of caspase-8, -9, and -3 were significantly increased in a dose-dependent manner in IPAtreated HeLa cells, and these inductions were accompanied by dose-dependent increases in the cleavages of PARP-1, one of the substrates of caspase-3. To monitor the enzymatic activity of caspase-8, -9, and -3, the caspase activity assays were performed using colorimetric assay. IPA induced a significant increase in the activities of caspase-3, -8, and -9 (Fig.  2B) . To determine the involvement of caspase activation in IPA-induced apoptosis in HeLa cells, we investigated whether a specific caspase inhibitors, namely, z-VAD-fmk (a broad caspase inhibitor), z-DEVD-fmk (a specific caspase-3 inhibitor), z-IETD-fmk (a specific caspase-8 inhibitor), and z-LEHD-fmk (a specific caspase-9 inhibitor) block IPAinduced apoptosis in HeLa cells. As shown in Fig. 2C , we found that all of these inhibitors significantly attenuated the IPA-induced early apoptotic cells (Annexin V-positive) in HeLa cells. These observations indicate that IPA-induced apoptosis is dependent on the activation of caspase cascade in HeLa cells.
IPA Caused Mitochondria Dysfunction and Modulation of Bcl-2 Family Proteins
Recent studies suggest that mitochondria play a major role in apoptosis induced by some anti-cancer agents.
14) Thus, we examined whether the mitochondrial apoptotic pathway is involved in IPA-induced apoptosis in HeLa cells. In particular, transition pore opening in the mitochondrial membrane is known to induce a collapse of DY m , and to result in the rapid release of caspase activators from mitochondria. 15) We investigated the effects of IPA on DY m using DiOC 6 , a mitochondria-specific voltage-dependent dye, and the protonophore CCCP was used to induce mitochondrial membrane depolarization. As shown in Fig.  3A , a significant loss of DY m was observed after 9 h exposure to IPA (30 mM), and this dissipation of DY m continue to increase up to 24 h. Depolarization of DY m is usually associated with cytochrome c release from mitochondria to cytosol. 16) When we monitored the levels of cytochrome c in both mitochondrial and cytosolic fraction, concentrationdependent release of cytochrome c from mitochondria to cytosol was detected in HeLa cells after treatment with IPA for 12 h (Fig. 3B) .
Since Bax and Bcl-2 play a significant role in apoptosis, we next studied the effect of IPA on the expression of Bax and Bcl-2 in HeLa cells. The Western blot analysis exhibited that IPA induced an increase in the levels of Bax whereas the expression of Bcl-2 was significantly decreased by IPA treatment (Fig. 3C) . Thus, the ratio of Bax to Bcl-2 was significantly increased after treatment with IPA, suggesting the involvement of Bcl-2 family proteins, a mediator of the mitochondrial apoptosis pathway in IPA-induced apoptosis in HeLa cells (Fig. 3D) . These findings suggest that IPAinduced apoptosis of HeLa cells is mediated by the mitochondria-dependent pathway.
IPA Induced Endoplasmic Reticulum (ER) Stress and Calcium-Mediated Caspase Activation Cytosolic Ca 2ϩ
overload is recognized to activate several intracellular pathways that can result in apoptosis. 17) We assessed the effect of IPA on the mobilization of Ca 2ϩ . As shown in Fig. 4A , treatment with IPA (30 mM) resulted in a significant increase in cytosolic calcium levels as early as 3 h in HeLa cells. Up-regulation of GRP78 and GADD153 are the major markers of ER stress. 18) As a result, IPA increased the levels of GRP78 and GADD153 in a dose-dependent manner (Fig. 4B) . It has been reported that calpains, Ca 2ϩ -dependent proteases, pro- (10, 20, 30, 40 , 50 mM) of IPA for 24 h and the expression of caspase-8, -9, -3, and PARP-1 was examined by Western blotting. (B) Cells were treated with IPA as described above, and then harvested. The enzymatic activity of the caspases induced by IPA was assayed using a colorimetric assay. Data were presented as the meanϮS.D. of three independent experiments. * * pϽ0.01, * * * pϽ0.001 vs. non-treated control group; significances were determined using the Student's t-test. (C) Cells were pretreated with z-VAD-fmk (50 mM), z-DEVD-fmk (100 mM), z-IETD-fmk (100 mM), or z-LEHD-fmk (100 mM) for 1 h, and then treated with or without IPA (50 mM) for 24 h. Cells were co-stained with FITC-conjugated Annexin V and PI, and the externalization of phosphatidylserine (PS) was detected using flow cytometry (LR; low right, UR; upper right). mote caspase-12 activation during ER stress-induced apoptosis. 19) We found that IPA dose-dependently increased the cleavage of m-calpain and pro-caspase-12 in HeLa cells. Furthermore, pretreatment of cells with the BAPTA/AM (Ca 2ϩ chelator) significantly inhibited the IPA-induced apoptosis of HeLa cells (Fig. 4C) . These results indicate that ER stress is associated with IPA-induced apoptosis in HeLa cells through cytosolic Ca 2ϩ elevation and Ca 2ϩ -related protease activation.
DISCUSSION
Natural product drugs have been suggested to play a dominant role in pharmaceutical care. 20) In addition, natural products are one of the important sources of potential cancer chemotherapeutic and chemopreventive agents. 20) Aceriphyllum rossii ENGLER (Saxifragaceae) has been reported to pos- 6 , and analyzed by flow cytometry, as described in Materials and Methods. CCCP (100 mM) was used as a positive control. Data were presented as the meanϮS.D. of three independent experiments. * * pϽ0.01, * * * pϽ0.001 vs. non-treated control group; significances were determined using the Student's t-test. (B) Cells were treated with IPA (10-50 mM, 12 h) and then harvested. Mitochondrial (M) and cytosolic (C) fractions were prepared as described in Materials and Methods. Expression of cytochrome c was examined by Western blotting. VDAC-1 and a-tubulin were used as internal controls. (C) Total cell lysates were prepared as described in Materials and Methods. Expression of Bax and Bcl-2 was examined by Western blotting. (D) The densitometric analysis of Bax and Bcl-2 bands was performed, and the data (relative density normalized b-actin) were plotted as Bax/Bcl-2 ratio.
Fig. 4. Effect of IPA on ER Stress-Mediated Apoptosis in HeLa Cells
(A) Cells were treated with IPA (30 mM) for the indicated times, and the level of cytosolic Ca 2ϩ concentration was determined using Fluo-3/AM fluorescence. Stained cells were analyzed by flow cytometry. Data were presented as the meanϮS.D. of three independent experiments. * pϽ0.05, * * pϽ0.01 vs. non-treated control group; significances were determined using the Student's t-test. (B) Cells were treated with IPA (10-50 mM) for 24 h. Western blotting was performed using antibodies against GRP78, GADD153, m-calpain, and caspase-12. b-Actin was blotted as an internal control. (C) Cells were pretreated with BAPTA/AM (2.5 mM) for 1 h, and then treated with or without IPA (30 mM) for 24 h. Cells were co-stained with FITC-conjugated Annexin V and PI, and measured by flow cytometry. Data were presented as the meanϮS.D. of three independent experiments. ### pϽ0.001 vs. non-treated control group, * * pϽ0.01 vs. IPA-treated group; significances were determined using the Student's t-test.
sess several pharmacological effects including anti-oxidant and anti-bacterial activities. 21, 22) Our recent study demonstrated that a triterpene 3-oxoolean-12-en-27-oic acid (3-OA) isolated from A. rossii induced apoptosis in HL-60 cells through the caspase-8-mediated extrinsic pathway. 12) In the present study, we investigated the anti-cancer activity of another triterpene 3a,23-isopropylidenedioxyolean-12-en-27-oic acid (IPA) isolated from A. rossii and its underlying mechanism in HeLa cells.
We found that IPA is a potent cytotoxic agent in human cervical cancer cells and its cytotoxic effect is associated with the induction of apoptosis as illustrated in Fig. 1 . Apoptosis is one of the most fundamental biological processes in eukaryotes, and causes specific cell death via an intrinsic 'suicide' mechanism. Furthermore, its induction is believed to play a key role in cancer progression. 23 ) Accumulated studies have shown that caspases play critical roles in apoptotic cascade. According to the substrate specificities and target proteins, caspases are grouped into "initiator caspase," such as caspase-8, -9, and -10, and "effector caspase" including caspase-3, -6, and -7. 24) In this study, we found that IPA dose-dependently activated caspase-8, -9, and -3, and increased the cleavage of their substrate PARP-1. In addition, pretreatment with broad or specific caspase inhibitors (z-VAD-fmk, z-IETD-fmk, z-LEHD-fmk, and z-DEVD-fmk) significantly inhibited the IPA-induced apoptosis, indicating that IPA induces caspase-dependent apoptosis in HeLa cells.
Caspase-8 acts as the initiator caspase in the apoptosis that result from the ligand-driven engagement of death receptors. Fas (Apo-1/CD95) and TNFR1 are well-characterized members of the TNF superfamily of death receptors. 25) They undergo oligomerization in response to the cognate ligand, and recruit the adaptor protein which has a direct pathway to apoptosis through recruitment and activation of procaspase-8. On the other hand, various studies suggested that caspase-8 is not only activated in the death receptor pathway, but can be also activated independently of death receptors. 26) In these previous studies, caspase-8 activation was found to be triggered by a caspase-3-mediated feedback amplification loop, and caspase-8 was proposed to act as an executioner caspase, rather than as an initiator caspase, in the death receptor-independent activation pathway. In our study, IPA did not influence the protein levels of Fas and TNFR1 (data not shown). In addition, ZB4, a specific inhibitor of Fas, and anti-human TNFR1 antibody had no effect on IPA-induced apoptosis (data not shown). These results reveal that IPA-induced apoptosis may be activated in the death receptor-independent pathway.
In mitochondria, mitochondrial permeability transition (MPT), matrix swelling, and outer membrane rupture causes the release of mitochondrial cytochrome c. 3) Once in the cytosol, cytochrome c binds to Apaf-1 in a dATP/ATPdependent manner, an event that triggers the oligomerization of Apaf-1/cytochrome c in complexes that activate caspase-9.
3) Our investigations showed that the dissipation of DY m significantly occurred at 9 h after IPA treatment in HeLa cells. The opening of the mitochondrial permeability transition pore is regulated by Bcl-2 family proteins that suppress apoptosis (e.g., Bcl-2 and Bcl-xL) and promote apoptosis (e.g., Bax, Bak, Bid). 27) These pro-and anti-apoptotic proteins may control apoptosis by the formation of heterodimers among them, 28) which results in the mutual neutralization of bound pro-and anti-apoptotic proteins. Therefore, the balance between the expression levels of pro-and anti-apoptotic proteins is critical for cell survival or cell death. In the present study, a decrease in Bcl-2 and an increase in Bax expressions were observed after treating HeLa cells with IPA, suggesting that changes in the ratio of pro-apoptotic and antiapoptotic Bcl-2 family proteins might contribute to the proapoptotic activity of IPA.
ER is the primary site for protein synthesis, folding, and trafficking. Under a variety of stressful conditions, the accumulation of unfolded or misfolded proteins in the ER results in the onset of ER stress. 29) The apoptotic pathway induced by ER stress may be less affected by chemotherapy-induced resistance mechanisms, suggesting that induction of ER stress may be a potential therapeutic strategy for cancer. 30) Several researchers have focused on ER stress-induced apoptosis in tumor cells and two distinct inducers have been proposed: one is the accumulation of unfolded or misfolded protein and the other is the alterations in Ca 2ϩ . 31, 32) The accumulation of unfolded proteins in the ER lumen or the depletion of Ca 2ϩ from the ER lumen leads to the ER stress responses known as unfolded protein response (UPR). Intracellular calcium increment causes the activation of m-calpain (Ca 2ϩ -dependent intracellular cysteine protease) followed by caspase-12 activation. 19, 33, 34) Recently, considerable attention has been devoted to the ER stress-induced apoptosis pathway, a calcium-mediated caspase cascade. 35) This study demonstrated that IPA induces a number of ER stress markers including elevated levels of cytosolic calcium and activation of m-calpain and caspase-12. The calcium chelator BAPTA/ AM blocked the IPA-induced cell apoptosis in HeLa cells. These findings indicate that IPA induces apoptotic cell death through the stimulation of ER stress in human cervical cancer HeLa cells. In addition, we found that IPA treatment induced the expression of ER stress-related proteins GRP78 and GADD153 in HeLa cells. The different apoptosis-inducing mechanism of the IPA compared with the analogous compound, 3-oxoolean-12-en27-oic acid 12) could be structurally caused by the additional cyclic ether linkage and the steric hinderance around two ether oxygens of IPA.
Taken together, our results suggest that IPA, a natural triterpene isolated from A. rossii, induced apoptosis in HeLa cells through the mitochondrial dysfunction leading to the release of cytochrome c and activation of caspase-9. In addition, IPA-induced apoptosis is mediated by increasing ER stress, GPR78 and GADD153 activation, and Ca 2ϩ release, which subsequently triggers calpain activity, resulting in apoptosis. Our research provides insight into molecular mechanism on IPA-induced cell death, and may aid in the development of IPA as an anti-tumor agent.
